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LETTER FROM AN ALUMNUS
INFORMATION THEORY
THERMIONIC CONVERTERS

What's down under the sea? Hostile

mysteries by perfecting new precision

electric generators, thermionic converters,

submarines? New'food sources? Biological

instruments for measuring salinity, acous-

cryogenic propellants. Strange words,

wonders like the archaic coelacanth fish?

tics, currents, pressures, sea floor con-

strange world. t For more information con-

IT, In many ways, we know more about the

tours.

Westinghouse was the first to

cerning a challenging career at Westing-

surface of the moon than we do about the

develop centralized engine room control

house, an equal opportunity employer, see

sea around us. The sea guards its secrets

for oceanographic ships, a development

our representative when he visits your

in darkness, with pressures that crush steel

that will help make hydrographic and

campus, or write L. H. Noggle, Westing-

like an eggshell. Radio waves that put us

oceanographic surveying faster and more

house Educational Center, Pittsburgh 21,

in touch with the stars can penetrate less

accurate than ever before. If New undersea

Pennsylvania. You can be sure ... if it's
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than 100 feet of its depth. r Westinghouse

propulsion methods under investigation at

scientists are helping to unravel the sea's

Westinghouse involve fuel cells, thermo-
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ANSWER: AC's Career Acceleration Program
It takes only eight months in AC-Milwaukee's
"Career Acceleration Program" to become an
important member of one of the nation's top
inertial guidance development and manufacturing
operations. You will add to your technical background eight months of formalized classroom
instruction in: Ballistic and Cruise Missile Instruction and Laboratory, Engineering Analysis (Servo
Mechanisms), Principles of Airborne Digital Computers, Basic Principles of Inertial Guidance,
Probability and Statistics, and the Philosophy of
Reliability—plus rotating job assignments in
Engineering, Manufacturing and Reliability
Departments.
In 32 weeks you're working on guidance systems
for Thor, Titan II and Apollo and a modified Bombing Navigational System for the B-52C&D.
You've multiplied your opportunities for advancement with up-to-date knowledge in this rapidly
changing area.

MILWAUKEE—In addition to the "Career Acceleration
Program" there is a Field Service Program: Two- to
four-month classroom and laboratory On-the-Job
Training Program which involves training on inertial
guidance systems or bombing navigational systems.
Domestic assignments follow completion of program.
BOSTON—Advanced Concepts Research and Development On-the-Job Training Program—AC's Boston
Laboratory is engaged in development of navigational
systems for manned aircraft, ballistic missiles and
space vehicles.
LOS ANGELES—Advanced Concepts Research and
Development On-the-Job Training Program—AC's Los
Angeles Laboratory is occupied with advanced guidance research for space vehicles and ballistic missiles,
plus research in special purpose digital computers.
If you will soon have a BS, MS, or PhD in EE, ME, or
Physics, contact your placement office or write Mr.
G. F. Raasch, Director of Scientific & Professional
Employment, Dept. 5753, AC Spark Plug Division,
South Howell, Milwaukee 1, Wisconsin.

AC SPARK PLUG -R;i. THE ELECTRONICS DIVISION OF GENERAL MOTORS
MILWAUKEE •

JANUARY,
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LOS ANGELES •

BOSTON

•
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Is Olin right for you?
That
depends on
the future
you want.

Graduates in science, engineering and business administration will find an abundance
of career opportunities at Olin. Our major
areas of activity are carried on through 7
divisions: Chemicals, Metals, Organics,
Packaging, Squibb, Winchester-Western,
and International.
You can start in any division, but your
advancement is not necessarily confined to
the division you choose. (Olin is flexible.)
Olin has a substantial research budget.
And our research laboratories are among
the most advanced in the field. We give you
the resources and equipment that creative
research and development demand.
Do you want to know some of the things
Olin has done?
We developed a process for producing
any continuous tubing pattern into a homogeneous sheet of aluminum or copper. It's
called Roll-Bond.® (Designers have a field
day with this one.)

We make the hydrazine
derivatives that power Titan
rockets. And the explosive
bolts that separate rocket stages.
Nydrazid° our anti-tubercular drug, is
one of the major reasons TB deaths have
decreased 60% in the last eight years.
Do you want to know some of the things
we're doing?
We're developing a high-speed cartridge
that will enable medicine to be injected
without the use of hypodermics.
We're coating packaging film with antibiotics to do away with the tremendous
waste in food spoilage.
We're perfecting a process that will
enable doctors to replace diseased bones.
These are just some of the things Olin
is doing.(Our research and development
average: One new product every week.)
Do you think Olin may be for you?
If you call us, we'll do our best to help
you reach a decision.

For information on your career opportunities, the man to contact is M. H. Jacoby, College Relations Officer,
Olin Mathieson Chemical Corporation, 480 Park Avenue, New York 22, N. Y.

An equal opportunity employer.
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FORGED...
to elkninate tool damage
and leakers
The forged steel cylinder cap shown at top is used on
the rod end of a Nike missile launcher cylinder.
Before the changeover to forgings, cylinder caps
were a source of problems. Tool breakage and tool
wear were excessive because the cored castings
lacked concentricity, were contaminated with nonmetallic inclusions. When the caps, after costly
machining, were hydrostatically tested at 4,500 psi,
porosity of the castings often resulted in leakers.
The switch to forgings produced these
cost-cutting results:
40% reduction in initial cost when forgings
replaced castings.
20% increase in tool life.
12% increase in production — unscheduled tool
replacement eliminated.
6% rejection rate caused by porosity
reduced to zero.
10% reduction in weight with increased strength.
As you take your place in today's high-speed world,
where progress is paced by imaginative engineering,
it will pay you to ask, "What about forgings?" for
many of the things you will develop, design, engineer,
produce. Forgings are competitive in price, superior
in quality wherever strength/weight ratio, or
integrity of material is important.
Write today for case histories on parts made
better at lower cost by forging. Address: Drop
Forging Association, Dept. E-3, 55 Public Square,
Cleveland 13, Ohio.
When it's a vital part, design it to be

For more information, see our 4-page, full color advertisements in these magazines:
MACHINE DESIGN, DESIGN NEWS, STEEL, MATERIALS IN DESIGN ENGINEERING
and AUTOMOTIVE INDUSTRIES.

JANUARY, 1963
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ROSE POLYTECHNIC INSTITUTE
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You are cordially invited to visit Rose Polytechnic Institute where you can earn a degree in:
CHEMICAL ENGINEERING
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editorials

parting shots - - -.
,

representatives are doing—and not doing. This would
require a reporter to attend each Council meeting, perhaps with a willingness to become a little unpopular; but
certainly there is no campus news of more importance.
If the students are informed of the Student Council's
activities and inactivities we will be in a position to
demand an effective Council. If we fail to do so, then
we deserve no more than we are getting.
*

Efforts are apparently underway by the administration to encourage Rose students to spend more time on
campus. The goal is to make the campus and facilities
so attractive that students will want to spend as much
time there as possible. I personally do not understand
why the administration cares whether the student is on
or off campus when not in classes or participating in
organized school activities, but I am willing to assume
that there are benefits to be derived from the spending
of leisure time on Rose's 123 lovely acres.
Try as I might, however, I cannot see this effort succeeding. I fear that the administration is ignoring one
simple fact that every Rose student recognizes; namely,
that Rose cannot hope to make its campus as attractive
as ISC's or St. Mary's as long as it lacks one essential
element—coeds. Of course, part of the plan is to encourage bringing dates to campus; but to get that date
requires at least one trip to State or St. Mary's, and
once there, it will take more powerful attractions than
I can imagine to draw the Rose man back to campus.

One favorite Rose pastime is criticizing the Student
Council. Unfortunately, criticism is justified. The
Council is not as effective as it should be. In fairness
it must be said that most Council members are active
in many school affairs, so that they, even more than
No one has really bothered to ask Rose students
most Rose students, suffer from a lack of time. Never- whether it is worth the money and effort to provide
theless, a man should realize that a considerable amount them with more campus attractions, but the failure of
of time is required to do good work on the Student student center date nights and negligible enthusiasm
Council, and if he cannot find the time he should not for on-campus movies must indicate something.
run for the office.
The administration apparently is undaunted by these
The basis for an effective Student Council is good failures, so the "stay-on-campus" drive will probably
committee work. It would seem,from reading the Coun- continue; and Rose students will continue to wonder
cil minutes, that a few men do the lion's share of what why, as they head for the greener pastures to the west.
work is done. What do the others do?
*

There will always be a number of Student Council
members who will not carry their share of the load
unless forced to do so by pressure from their constituents. At the present time such pressure is impossible,
because the only way the average student can find out
what his representatives are doing is to attend every
Council meeting as an observer. Minutes can hardly be
counted on to give a reliable picture of what goes on in
any meeting.
The Explorer could perform a real service in this
area, simply by informing us each issue of what our
JANUARY, 1963

Questions Even an All-wise Senior Can't Answer
Department:
No professor appreciates the student who arrives late
to class (I speak with the authority of a habitual latecomer). Yet, some professors consistently hold their
classes past the bell so that they are unavoidably late
to the next class, depriving that professor of five or
ten minutes of his lecture time. Why do they do it?
M. G.
Page 7

AT NASA, YOU'RE IN THE AEROSPACE CENTER OF THE FREE WORLD

NASA...your place in space
NASA programs encourage swift professional growth
for the engineer or scientist launching his career
You can accelerate yotu. career swiftly
as a professional staff member of the National Aeronautics and Space Administration. Stimulating assignments, unequaled
resources, liberal programs of educational
assistance, early responsibility—all help
hasten the professional growth of the
engineer or scientist who chooses NASA
for his initial career position.
Each NASA research center offers its
own comprehensive plan to help advance
your knowledge and speed the time when
you can contribute at the peak of your
capacity. The plans differ from center to
center, but this summary is generally valid
throughout the NASA complex:
NASA Installations
Maintain University Ties
I‘T,W centers have established close
relationships with nearby universities. As
a professional staff member, you may
pursue graduate study either in the evening at NASA's expense or during regular
working hours on full salary. And, if
necessary to fulfill university requirements
for a graduate degyee, you may become a
resident student, also on full salary.

in fellowship programs of the Guggenheim and Sloan Foundations and the
Brookings Institution. Right now, as a
result of this participation, NASA staff
members are attending Cal Tech, M.I.T.,
Harvard, and other leading schools, receiving full salary, expenses, and per diem.
NASA helps you keep abreast of the
latest developments in your field by permitting frequent attendance at major
technical conferences in this country and
abroad.

Program is somewhat different. As an
Intern, you study and work closely with a
senior NASA scientist or engineer, a
leader in his—and your—field. This is an
informal and exceedingly productive
arrangement, which usually lasts for six
months. The Intern Program is designed
to bring you very rapidly to the forefront
in a special technical area.

Unique Intern Programs
Increase Technical Competence

Learn more about your future with
NASA. Contact your College Placement
Officer to arrange an interview with NASA
representatives visiting your school. Or
send a letter outlining your interests and
background to the Personnel Officer at any
one of the following NASA locations:
NASA Goddard Space Flight Center,
Greenbelt, Md.; NASA Langley Research
Center, Hampton, Va.; NASA Lewis
Research Center, Cleveland, Ohio; NASA
Marshall Space Flight Center, Huntsville,
Ala.; NASA Ames Research Center,
Nlountain View, Calif.; NASA Flight
Research Center, Edwards, Calif.; NASA
Manned Spacecraft Cent,er, Houston,
Texas; NASA Launch Operations Center,
Cocoa Beach, Fla.
NASA is an equal opportunity employer.
Positions are filled in
accordance with Aerospace Technology
Announcement 252-B.

The NASA centers offer exhaustive inhouse educational opportunities as well,
including the unique Intern Programs.
The regular in-house activities include
lectures, seminars, films, and expense-paid
trips to other organizations. The Intern
NASA encourages advanced study in
astronautics, physics, electronics, chemistry, metallurgy, mathematics, astronomy,
and geophysics, as well as aeronautical,
mechanical, electronic, electrical, nuclear,
ceramic, and civil engineering, engineering
mechanics, and engineering physics.
Guggenheim, Sloan, Brookings
Fellowships Available
Additional avenues of opportunity will
be open to you because NASA participates

Page 8

Get All the Facts
About a NASA Career
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Letter from an alumnus

Primary Task

"Teach Yourself"
For the third of the series of comments and opinions
from the alumni, the Technic interviews Mr. J. Edward
Taylor of the class of 1940. Mr. Taylor attended Indiana
State College, then graduated from Rose with a B.S.
in Chemical Engineering. He attended the graduate
USAF Engineering School at Yale University, and received the MSME degree from Ohio State University
in 1953. He was also a participant at the Thompson
Ramo Wooldridge, Conference Group on Management
Practices in 1954.

from J. Edward Taylor
Class of '40

At present, Mr. Taylor is the Associate Director, Research Development & Engineering, New Product Research,
Tapco Group, Thompson Ramo Wooldridge Inc.

Enthusiasm For Rose
Like the considerable majority of the young men who
were privileged to attend Rose, I retain a fondness for,
and loyalty to, the Institute which no school that I have
attended before or since has approached. While the conjunction of the better half of State (Normal) and the
formative hormones may have assisted in developing
this sentimental attachment, the fundamentals have
other deep roots. It is my conviction that Rose provides
a fine admixture of discipline and care in the period
when high school boys are transformed to men and in
the process are being endowed with the bright mastery
of a useful and greatly satisfying profession.
The phrase alma mater of course literally means
fostering mother. I think that through the years, Rose
has been able to invoke in us some of the same feelings
of respect, affection and gratitude that we have for our
parents and for the same reason; unselfish service dedicated to our growth. As an eminent colleague said recently after surveying a dozen schools in which to
enroll his son: "In view of the present preoccupation
among engineering schools with research, publications,
and graduate students, I found no school anywhere
near Rose in the all important quality of dedication of
the faculty to the undergraduate." I would also mention
that Rose has a capacity for instilling the discipline of
hard work, which is a life-long asset.
On Changes in Rose and Engineering
In the twenty odd years since I graduated from
Rose, engineering and science have taken giant strides.
I would ask the student of today to reflect on the fact
that since that time, we have witnessed the engineering
development of nuclear energy, supersonic airplanes,
JANUARY, 1963

television and radar, transistors and a host of solid state
devices, rockets carrying men into space, lasers, and fuel
cells which nearly double man's ability to efficiently
convert chemical energy into electricity. The pace of
technology continues to accelerate and engineering institutions must of course be in the forefront. The student must begin professional training with a solid
mastery of the updated fundamentals. This task is the
major contribution of Rose. It is also important to observe that an increasing proportion of engineers are
obtaining advanced degrees. If one looks at classes of
20-30 years ago, it will be seen that graduate work
was the exception. I believe that the engineering profession will follow the medical profession in increasing
training requirements to the Ph.D. level in the not-toodistant future.
Personal Advice
The first priority is to "hit the books." The major
task you have before you is to teach yourself how to
teach yourself. Professors and colleagues give important
assistance, but primarily you have to teach yourself.
Further, this is a life-long process if one is to keep
growing. Of much importance are the arts of writing and
speaking well. In this regard, experience on the Technic
Staff and Debating Club are excellent practice. It also
is of considerable import that we join and serve the
technical societies and through their good offices, the
technical community at large. Make note that the technical community is increasingly appreciative of services
provided in the form of technical publications.
Finally, after one has learned to study efficiently,
there is the wonderful study-world of the social arts:
(Continued on Page 24)
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moon-landing simulation

make believe world
in industry
by Larry Shaffer
Senior Physics

R

Figure 1
Pio.4t. 1()

Has it occurred to you that this
technical field might be less realistic
than the rigorous three-place accuracy of the slide rule, In fact, have
you heard of that segment of industry involved with pretense?
Being college students we can
hardly be expected to remember (or
admit) that there was a stage in our
maturation called the "play like"
stage. However, we are reminded
by psychologists and shown by our
younger brothers that such a stage
does exist. We might recall the day
that our brother stuck a fish bow!
on his head, armed himself with a
"sink trap" ray gun and immediately
proceeded to explore the "moon."
The feat was made more realistic by
climbing the nearest tree and beginning a count-down. After a reasonably animated and noisy landing, he
descended from the rocket and slowly leaped across the moon.
A parallel series of make-believe
steps is now being performed in
industry. The term applied to this
technical world of pretense gives it
that added sophistication required
by the mature scientists, the term—
simulation. The tools used for simulation also lend an air of elegance.
Rather than the backyard, the tree
and the imagination, these scientists
use computers, mock-ups and the
latest state-of-the-art.
The industrial area of simulation
can be illustrated by an example. If
you have a few minutes before the
quiz that starts five minutes before
THE ROSE TECHNIC
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the next class hour, challenge yourself with this problem. A representative from NASA comes to your company and explains that a phase of
lunar exploration needs to be
studied. The problems: A craft
carrying two men will descend from
a lunar orbit and make a soft landing
on the moon. We need to know (1)
What type of craft should be used,
and (2) what type of control system will insure both a safe landing
and safe rendezvous.
The first question, the nature of
the landing craft is assigned to a
group which will study the transporting vehicle, strength require-

ments, payload, terrain of the moon,
rendezvous technique, and fuel requirements. The second problem is
assigned to you.
We can approach the second problem in two ways. The guidance system can either be completely automatic, or under the control of a
pilot. An automaitc system would include prediction, autopilot, and control sub-systems. The major problems in this type of system are fuel
consumption and miniaturization.
If, however, we consider a pilotcontrolled landing, a human failure
factor becomes of prime concern. Is a
human being after a stress-filled
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trans-space flight capable of landing
a craft? If so, what is the extent of
his capabilities?
Suppose after a careful investigation of the weight problem involved
in an automatic landing we choose to
thoroughly study the pilot's ability
to land. The pilot's brain will be the
prediction system, and it is our job
to supply him with a suitable control autopilot system.
In order to determine what type
of autopilot help is available let's
investigate a commonplace guidance
system. In driving a car we turn the
steering wheel which results in an
angular wheel displacement producing a lateral velocity. We press
the accelerator which results in a
transient acceleration and a steadystate velocity. Therefore, we see
that by the angular displacement of
a control we can command a displacement, velocity, or acceleration.
The group studying the nature of
the craft has decided that in order
to conserve fuel, a downward
thrust rocket will be used for vertical and translational displacement.
The craft will be tilted by side rockets in order to obtain translational
components from the vertical rocket.
Our guidance system will control
the power of the vertical and side
engines to direct and propagate the
craft.
As we have seen by the example of
the car, we can use the displacement
of our control sticks to command
those velocities or accelerations of
Page 11

the craft produced by the vertical
engine, and the angular position,
angular velocity, or angular acceleration of the craft produced by the side
engines.
The description of such a craft at
this point begins to sound like
"trash-talk" so let us develop a
mathematical model for simplification (?) and clarity (?). Consider
yourself at the origin of a set of
body axes x, y, and z. You are sitting
in the pilot's seat facing the -I- x
y
direction, to your left is the
axis and (by the all powerful righthand rule) the z-axis points up. Now,
in order to indicate the "tilt" or "attitude" of the craft we will identify
the following Euler angles. If the top
of our body tilts to the right we call
the roll angle P which is measured
from the vetrical as a rotation about
the x-axis. If, the top of our body
tilts forward, we call the angle of
tilt the pitch angle, Q, which is
measured from the body vertical
axis as a rotation around the body
y-axis. If we spin to the left about
the body z-axis, we call the angle
of spin the yaw angle, R, which is
measured from the body x-axis as a
rotation about the body z-axis.'

and
d2R
dt=
he will have to give a
d2P
dt2
command to roll right. To establish
an angle P„ in a frictionless environment he will then have to counteract
the resulting
dP
dt
velocity by commanding
— d2P
dt=
thrust.
In other words, with acceleration
control the pilot must give a counteracting command to every initial command to keep the craft from tumbling
in space. If, as another alternative,
the pilot has position command, he
must hold his command stick at a
certain angle to maintain an angular
of P. Since the thrust of the side
engines produces a
c1213
dt=
acceleration, the autopilot circuitry
must calculate the appropriate

— d2P
Since we have adopted three indedt=
pendent generalized co-ordinates or thrust in order to
establish the P„
rotation we can assume the side en- position called for by the pilot. We
gines changing only one angle at a can see that the autopilot must be
time. So as the pilot pushes a control more complicated in the displacestick forward, he commands a ment control system than in the acthrust, resulting in Q,
celeration control system. The added
dQ
complexity req uir e s increased
dt
weight.
or
Now that we have developed some
d2Q
ideas about the guidance system,
dt2
capabilities, and problems, we turn
control. We must decide what type our thoughts once again toward testof control will optimize the fuel con- ing the pilot's ability.
sumption and human failure factors.
In order to test the human failure
We can consider each case separ- factor, we will have the pilot fly the
ately. If the pilot has control over real craft or a simulated craft using
d2P
a variety of guidance systems. Records
of translational and vertical
dt=
velocities
and displacements plus
d2Q
the pilot's control commands will be
dt=
recorded for a series of flight patTheoretical Mechanics II. Students: The Euler
terns.
These patterns should be
angle representation taking into consideration a
flown in an environment approxirotation about the x,y',z" axis is submitted as
an intuitively more satisfying representation than
mating the real world in order to prethe rotation of a rigid body around the z, x', and
dict
the pilot's reactions in the actual
z" axes.
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landing and rendezvous. Visual sight
of the moon surface and instruments,
the sound of the rocket engines, and
a kinesthetic sense of balance and
thrust will be his main piloting
tools.= Since the visual sense will be
the most important single tool, let
us consider a visual flight simulation.
One way to let the pilot "feel" the
visual part of the flight is to project
a motion picture on a screen placed
before the craft. The pilot would
have the feeling that we experience
when we watch movies taken from
a moving plane or helicopter. Motion
pictures, however, would present a
versatility problem. If the pilot decided to fly backward, the film would
have to halt, and then roll in reverse.
And, how could lateral translation
be represented? A better presentation would be a perfected T.V. picture taken by a camera moving
above a scale model terrain. The
screen would occupy 60° to 90° of
the pilot's frontal vision, when viewed from the interior of the craft.
On the instrument panel the pilot
will have the conventional indications of altitudes, rates, and attitude.
In addition we might add displacement and elementary prediction
meters or scopes.
When the pilot commands a pitch
angle, thus producing a translational
component of velocity, the television
camera will tilt and begin to move
down the terrain. The instruments
will register this movement. The
pilot will "feel" as if he is moving.
An analog computer can be used to
simulate the guidance system, the
equations of motion, position of the
television camera, control of the
meters, and it performs the necessary transformation of coordinate
systems. In addition the analog computer can evaluate the pilot's flight
by calculating the root-mean-square
deviation of a predetermined flight
task. The computer can be programmed to supply thrust misalignment and varying time constants to
make the pilot's task more difficult.
Since the analog computer is the
basic tool of this simulation, we
(Continued on Page 28)
2 The redundancy. complexity, and terminology
3f this sentence follows 88 a result of one semester of Leuba.
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The Rose Technic -1932
edited by
Bill Royer

The engineer and his job are many times misunderstood. Some believe he is capable of miracles, others
have ideas which are quite opposite to this; but anyone
interested in engineering and its feats will enjoy this
article reprinted from the December, 1932, Technic.

And it came to pass that strange reports began to
reach St. Peter. The Celestial denizens, who had amused
themselves in the past by looking down upon less fortunate, commenced asking for transfers to that other
domain. The sounds of agony and suffering were stilled.
Many new arrivals, after seeing both places, selected
The Engineer—A Parable
the Nether Region for their permanent abode. Puzzled,
One day three men, a lawyer, a doctor and an engiSt. Peter sent messengers to visit Hell and to report back
neer, appeared before St. Peter as he stood guarding
to him. They returned, all excited, and reported to
the Pearly Gates.
St. Peter:
The first man to step forward was the lawyer. With
"That engineer you sent down there," said the messconfidence and assurance, he proceeded to deliver an
engers, "has completely transformed the place so that
eloquent address which left St. Peter dazed and beyou would not know it now. He has harnessed the Fiery
wildered. Before the venerable Saint could recover, the Furnaces
for light and power. He has cooled the entire
lawyer quickly handed him a writ of mandamus, pushed place with artificial
refrigeration. He has drained the
him aside, and strode through the open portals.
Lakes of Brimstone and has filled the air with cool
Next came the doctor. With impressive, dignified bear- perfumed breezes. He has flung bridges across the
ing, he introduced himself: "I am Dr. Brown." St. Peter Bottomless Abyss and has bored tunnels through the
received him cordially. "I feel I know you, Dr. Brown. Obsidian Cliffs. He has created paved streets, gardens,
Many who preceded you said you sent them here. parks, playgrounds, lakes, rivers, and beautiful waterWelcome to our City!"
falls. That engineer you sent down there has gone
The engineer, modest and diffident, had been standing through Hell and has made of it a realm of happiness,
in the background. He now stepped forward. "I am look- peace, and industry!"
ing for a job," he said. St. Peter wearily shook his head.
This parable helps few to understand either engineers
"I am sorry," he replied, "we have no work here for or engineering. In fact, it may bring slight confusion
you. If you want a job, you can go to Hell." This to some. For this reason I'm telling you, "An engineer
response sounded familiar to the engineer, and made can't really do these things, yet."
him feel more at home."Very well," he said,"I have had
This article appearing in the Apri/, 1933, Technic
Hell all my life and I guess I can stand it better than shows us that the problems of the student engineer are
the others." St. Peter was puzzled. "Look here, young much the same today as they were then.
man, what are you?" "I am an engineer," was the
Engineers and Engineering
reply. "Oh yes," said St. Peter; "Do you belong to the
Last September the engineering schools of America
Locomotive Brotherhood?" "No, I am sorry," the engineer responded apologetically; "I am a different kind of received hundreds of high school graduates into their
engineer." "I do not understand," said St. Peter; "what freshman classes. In a month or two these same instion Earth do you do?" The engineer recalled a definition tutions will graduate those who since their matriculaand calmly replied: "I apply mathematical principles to tion four years ago have satisfactorily completed the
the control of natural forces." This sounded meaningless work which entitles them to the designation of engineers.
to St. Peter, and his temper got the best of him. "Young When one compares these two groups, a startling fact
man," he said, "you can go to Hell with your mathe- is revealed. We notice that nearly two-thirds of those
matical principles and try your hand on some of the who started have failed in their ambitions. What reasons
natural forces there!" "That suits me," responded the can be given for such a large percentage of those who
engineer; "I am always glad to go where there is a started falling by the wayside? Why did so few gradutough job to tackle." Whereupon he departed for the ate? The answer can probably be found in one of the
(Continued on Page 30)
Nether Regions.
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XFOML RXKHRJFFJUJ XLPWCFWKCYJ

FFJFYVKCQSGYD

information theory
XFOML RXKHRJFFJUJ ZLPWCFWKCYJ FFJEYVKCQSGYD.
In information theory this would
be considered a legitimate message
obtained by assigning each of the
twenty-six letters of the English alphabet equal probability of being
used. This garble is useful as a
model in the revolutionary new field
of information theory.
What is information theory? What
is it used for?
In current technical literature, the
term information theory is used in at
least three different ways. First it
means a specific mathematical model
of communications systems. The
main concepts of this theory are entropy, channel capacity, and coding.
Soon after its introduction by C. E.
Shannon in 1948, the meaning was
extended to cover all mathematical
and theoretical studies of the nature
of communications systems, including modulation, signal representation, noise, signal detection, filtering,
and prediction. In the largest sense,
the phrase connotes the study of information sources, information measures, and information processing systems.
The theory is different from previous treatments of the subject in
two ways: statistical ideas are used
throughout the theory, and the
theory is completely macroscopic
Page 14

in that it is not concerned with
minute details of circuitry but on the
large aspects of communications.
These new avenues of attack have
been quite fruitful, as they have
shown that communications systems
have many problems in common,
e.g. the maximum rate of transmission of error-free data.
The system treated by information theory consists of six components: the source, transmitter, channel, receiver, destination, and noise,
arranged as in the diagram. The
source is that person, thing, or process generating the messages to be
transmitted through the system. The
exact nature of the output of the
source is not known at the time of
design of the system. What is known
is that the source will generate sequences of messages drawn from a
fixed list of possible messages. Frequently the probability of using certain symbols as opposed to others is
known. For instance, in the English
language, the letter e is used more
frequently than the letter z. Today
the knowledge of the statistics of the
source has been largely ignored in
the design and utilization of communications systems.
The destination is the ultimate recipient of the information.
Between the source and the recipient is the channel, or the means of

transportation of the message between remote points. Linking the
source with the channel is the transmitter, and similarly, linking the
channel with the destination is the
receiver.

Noise is the ever-present interference that tends to corrupt or to alter
the message. For the sake of simplicity we shall say that the noise
enters only in the channel, although
practically, noise is present in all
components. The nature of noise
cannot be predicted.
In general, the following sequence
of events occurs in every communications system: The transmitter
transforms the messages provided by
the source into a form usable for
transmission through the channel.
Noise tends to garble the message as
it passes through the channel. At the
other end of the line, the receiver
tries to guess what message was
transmitted and to translate the
coded form into a form acceptable to
the destination.
Mathematical models now replace
the boxes of the diagram. Associated
with these mathematical models are
two parameters having real physical
significance. H is called the information rate and is associated with the
source. C is associated with the noisy
channel and is called the channel
capacity.
THE ROSE TECHNIC

by Andy Breece
Senior E.E.

The fundamental theorem of information theory is as follows: Given
a source producing information at
the rate of H and a noisy channel
having capacity C; if H is less than
C, then there exists a transmitter
and a receiver such that the messages produced by the source can be
delivered over the channel to a destination with an arbitrarily small error rate. If H is greater than C then
there is no possible way of transmitting the messages from the source
over the channel to a destination
without a certain fixed finite rate of
errors.
The mathematical model used to
represent the source is a long list of
probabilities. The probability that
the source will produce the ith letter
of the alphabet is pi, which is the
first of these probabilities. With the
knowledge that the ith letter has
been produced, the probability of the
generation of the jth letter of the
alphabet is pij. Continuing, the next
set of probabilities deals with the
probability that the source will generate the kth letter knowing that the
source has already generated the ith
and jth letters. Mathematical models
of sources designed in this way are
known as zeroth, first, and second
order Markoff sources, respectively.
As an example, consider the following message which was generated
JANUARY, 1963

by assigning equal probabilities to
each letter of the English alphabet
and the space: XFOML RXKHRJFFJUJ ZLPWCFWKCYJ FFJEYVKCQSGYD. This is an example of a
message generated by a Markoff
source of the zeroth order. The following result was obtained after assigning differing probabilities to each
letter according to the number of
times it is used in the English language; for instance, 1305 chances for
E, 781 for A, and 9 for Z: OCRO
HLI RGWR NMIELWIS EU IL NBNESEBYA TH. Now using probability to determine the changes of
certain letter combinations, knowing
the preceding letter, we get: ON IE
ANTSOUTINYS ARE T INCTROE
ST BE S DEAMY ACHIN D ILONSAIVE TUCDOWE ATTEASONARE FUSO. Now we know what
the two preceding letters are and we
have probabilities arranged for the
choice of a third. We get: IN NO
IST LAT WHEY CRATICT FROURE BIRS GROCID PONDENOME
OF DEMONSTURES OF THE REPTAGIN IS REGOACTIONA.
The information rate or entropy
rate, H, is a measure of the uncertainty as to what letter the source
will next produce. The more uncertain the observer is, on the average,
the greater the value of H. The value of H does not take into account in
any way whether the messages have
meaning. It measures only statistical unpredictability and depends
only on the quantities that defined
the source.
If a message specifies one object
out of N different objects from a set,
then the information content of the
message intuitively must be an increasing function of N°, say f(N).
This is reasonable since such a message would contain more information
content if N were a million than if
N were two. Now suppose a second
message specifies one object of a set
of M objects different from the N in
the first set. The information content
is thus f(M). Now if the two messages are considered together, there
are MN total combinations of pairs
of objects. Thus a message must contain f(MN) units of information.
But we must require that f(N)

f(M) = f(MN). A solution of this
relationship would be of the form
f(N) = log N. In order for a message specifying one object out of two
to have one information unit, we
choose logarithms to the base two.
When base two is used, the units of
information are called bits. Thus we
define the information content of a
message that specifies one object
from a list of N equally likely objects
to be: H = log., N bits. Consider
a message x characters long produced by this source. With the actual
message is associated Hx = x log.. N
bits of information. The probability
N
per character is H = Hx/x =
finding
of
probability
bits. Since the
the ith character is 1/N = pi, the information content per character is
H = -log" pi bits per character. Extending this definition to cases with
specific letter probabilities that are
different for each letter, we get: H
p; log p bits per character.
=
This discussion leads to the following theorem: Given a source producing messages with information content H bits per character, it is possible to encode these messages into
a form containing only two letters,
say 0 and 1, in such a way that a
message of length N characters produced by the source will be represented on the average by a string of
zeros and ones, NH characters long.
Also no encoding into an alphabet of
two letters that can be decoded again
into the original message can, on the
average, replace N characters by
fewer than NH zeros and ones.
Information theory promises to
have tremendous influence on the
development of future communications systems. Research is now being
carried out in the further development and utilization of this powerful
tool. For further information on the
subject, see the following references.
Shannon, C. E. and Weaver, W.,
The Mathematical Theory of Communication, University of Illinois
Press, Urbana, Illinois, 1949.
Khintchine, A. I., Mathematical
Foundations of Information Theory,
Dover Press, New York, 1957.
Feinstein, A, Foundations of Information Theory, McGraw-Hill Co.,
New York, 1958.
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•
thermionic
converters

by
John Howlett
Freshman
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Making use of a principle first discovered by Edison, the thermionic
converter is one of the newest forms
of heat to energy conversion devices.
Thomas Edison noticed that when he
had an incandescent lamp with two
filaments, only one of which was lit,
a small current flowed in an external
circuit connecting the two. This is
the basis of the present type of thermionic converter which converts
heat energy to electrical energy.
There are two basic types of thermionic converters, the vacuum converter and the vapor converter. They
consist mainly of a cathode which
emits electrons and a cooler anode.
Experiments have shown that the
conversion efficiency can be increased by making the anode of a
material with a lower work function
than the cathode. Each type has a
different approach to the problem of
space charge, the cloud of electrons
that builds up around the cathode
and limits the efficiency of the converter. The vacuum converter was
the first developed. In it, the anode
and the cathode are spaced about
0.5 mil apart to reduce the effects
of space charge. There are two types
of vapor thermionic converters, a
diode and a triode. They both operate upon the principle that positive
ions will neutralize the negative
space charge. A hot high work function electrode, such as tungsten, is
immersed in cesium vapors. The
cesium atoms have a lower ionization
potential than the tungsten and form
positive ions when they touch the

hot tungsten electrode. The diode
emits both electrons and ions at the
cathode. The triode uses a separate
ion emitter which requires the use
of a bias voltage to overcome its contact difference of potential with respect to the cathode. There are also
other advantages to the use of cesium
in a converter. The cesium forms a
coating around the cold anode which
keeps its work function low.
At a cathode temperature of 1150
degrees C. the vacuum thermionic
converter produces 0.4 watts per
square centimeter for an efficiency
of 3 to 4 per cent. Vapor thermionic
converters on the other hand produce
about 5 watts of power per square
centimeter for an efficiency of approximately 15 per cent at a cathode
temperature of 1500 degrees C. Because of this difference in efficiency
the vapor converter is rapidly replacing the vacuum type.
One of the most promising applications for the thermionic converter
is its use in a nuclear reactor. In this
use the thermionic converter is built
into the fuel element of the reactor.
The heat from the reactor is used to
power the converter. This is hoped to
greatly increase the production
efficiency of nuclear reactors.
Providing electrical energy for
space flights is another important application of thermionic converters.
At the present time batteries and
solar cells are the main sources of
electrical energy for space flights
(Continued on Page 32)
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THE BELL TELEPHONE COMPANIES
SALUTE: HAL D'ORAZIO
Hal D'Orazio (B.S.I.E., 1961) was given important engineering responsibilities the moment he reported to Illinois
Bell. Hal, as Assistant Engineer, studied conditions affecting a vital submarine transmission cable crossing in
Chicago. His recommendations were well received by his
management, particularly since they contained some unique
cost-saving ideas on tunneling methods.

Hal's initial success has earned him other difficult assignments involved with transmission systems. More opportunities for Hal to show what he can do!
Hal D'Orazio and other young engineers like him in
Bell Telephone Companies throughout the country help
bring the finest communications service in the world to the
homes and businesses of a growing America.

BELL TELEPHONE COMPANIES
TELEPHONE MAN-OF-THE MONTH
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AT PRATT & WHITNEY AIRCRAFT...

YOUR EYES CAN BE ON THE STAR

SPECIALISTS IN POWER ... POWER FOR PROPULSION-POWER FOR AUXILIARY SYSTEMS.
CURRENT UTILIZATIONS INCLUDE AIRCRAFT, MISSILES, SPACE VEHICLES. MARINE AND INDUSTRIAL APPLICATIONS
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UT YOUR FEET MUST BE ON THE GROUND
The glamour and excitement of space age programs often obscure a fundamental fact. It is simply
that farsightedness must be coupled with sound, practical, down-to-earth engineering if goals are
to be attained. This is the philosophy upon which Pratt & Whitney Aircraft's position as a world
leader in flight propulsion systems has been built.
Almost four decades of solid engineering achievement at Pratt & Whitney Aircraft can be credited
to management's conviction that basic and applied research is essential to healthy progress. In
addition to concentrated research and development efforts on advanced gas turbine and rocket
engines, new and exciting effects are being explored in every field of aerospace, marine and industrial
power application.
The challenge of the future is indicated by current programs. Presently Pratt & Whitney Aircraft
is exploring the areas of technical knowledge in magnetohydrodynamics . . . thernzionic and thermoelectric conversions ... hypersonic propulsion ...fuel cells and nuclear power.
If you have interests in common with us, if you look to the future but desire to take a down-to-earth
approach to get there, investigate career opportunities at Pratt & Whitney Aircraft.

To help move tomorrow closer to today, we continually seek ambitious young engineers and scientists. Your degree? It can be a B.S., M.S. or Ph.D. in: MECHANICAL • AERONAUTICAL • ELECTRICAL • CHEMICAL and
NUCLEAR ENGINEERING • PHYSICS • CHEMISTRY • METALLURGY • CERAMICS • MATHEMATICS • ENGINEERING SCIENCE or APPLIED MECHANICS. The field still broadens. The challenge grows greater. And a future of
recognition and advancement may be here for you.

For further information regarding an engineering career at Pratt & Whitney Aircraft,
consult your college placement officer or write to Mr. William L. Stoner,
Engineering Department, Pratt & Whitney Aircraft, East Hartford 8, Connecticut.

Pratt &Whitney Aircraft
CONNECTICUT OPERATIONS EAST HARTFORp. CONNECTICUT
FLORIDA OPERATIONS WEST PALM BEACH, FLORIDA

JANUARY, 1963

OF UNITED AIRCROIVSN APT CORP.

A
An Equal Opportunity bnployor
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From school...through job ...

to professional
achievement
America's colleges and universities give engineering students excellent training in
basic disciplines. But this is only a preliminary to a professional career. Future success depends largely upon wise choice of job opportunities. The U. S. Naval Ordnance Laboratory.
White Oak, offers young engineers outstanding opportunities . . . the opportunities that
really count.
In considering your job situation, look into training and graduate programs, research
and working facilities, challenge of assignments, and professional advancement opportunities. You will be pleased to learn how well a position with the U. S. Naval Ordnance Laboratory, White Oak, meets your needs.
TRAINING PROGRAM OFFERS BREADTH
NOL, White Oak, has a one year rotational
training program under which an employee
is given four-month assignments in research,
engineering, and evaluation.
VITAL, CHALLENGING ASSIGNMENTS
Missile guidance, missiles, weapons systems,
re-entry components, space components,
underwater weapons, fire control, sonar,
fuzes and influence detectors, meteorological rockets, sonobuoys, operational analysis,
aerodynamics, hydrodynamics, explosives,
propellants, acoustics and pressure fields,
infrared, nuclear physics, solid state, materials, and mathematics are some of the areas
to which assignments are made during your
training period.
GRADUATE PROGRAM TIES IN WITH
SIGNIFICANT PROJECTS
Various accredited graduate programs, both
with local universities or the school of your
choice, permit you to obtain advanced degrees. Many courses are conducted in the
Laboratory's conference rooms and enable
employees to work full time while participating. Highly significant projects for theses
and dissertations are available. Most graduate programs provide for reimbursement of
tuition. Stipends, in some instances, are
available.

OPPORTUNITIES FOR PROFESSIONAL
ADVANCEMENT
The Laboratory retains patents in employee's name for professional purposes, and for
commercial rights in some instances. Attendance at society meetings is encouraged,
and there are ample opportunities to engage
in foundational research.
TOP-FLIGHT EQUIPMENT AND FACILITIES
Because so much of the work goes beyond
the existing and known, NOL has many of
the finest—and in some cases the ONLY—
research and development facilities available anywhere. NOL spreads out over
nearly 1,000 acres of suburban Maryland,
just outside Washington, D. C.(now one of
the top four R & D areas in the country),
and operates test facilities elsewhere in
Maryland, Virginia and Florida. You'll enjoy working at NOL, and living near, or in,
the nation's capital.
Openings exist for persons with Bachelor.
Master or Doctoral degrees, with or without experience, at starting salaries between
$6,465 and $9,475, plus the exclusive benefits of Career Civil Service (13-26 days paid
vacation and 13 days paid sick leave per
year, partly-paid group life and medical insurance, the above-mentioned graduate education opportunities, etc.). For additional
information, write: Mr. Emil Kranda, Personnel Officer.

giu

U.S. Naval Ordnance Laboratory
‘
-111-1
4
White Oak

•

Silver Spring, Maryland

Your Placement Office can inform you of the date our representative will visit your school.
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Richard E. Covert,Iowa State BSME
'62, utilizes an analog computer to
study heat transfer transients and
their effect on the control mechanism of a mobile military compact
reactor being developed by the Allison Division of General Motors under contract to the Atomic Energy
Commission. Covert is one of several young engineers now engaged
in various studies connected with
nuclear powerplant engineering
programs at Allison.

•NUCLEAR ENERGY CONVERSION—For the last 5 years, Allison,
the energy conversion Division of General Motors, has participated in the
design of various nuclear powerplants requiring compactness and low weight.
Work on these projects has resulted in the compilation of a formidable background in nuclear systems engineering for space and terrestrial powerplants.
Announcement by the Atomic Energy Commission of the selection of Allison
as prime contractor for development of MCR (Military Compact Reactor)
now creates opportunities for well-qualified Engineers and Scientists in a longrange program in the nuclear field.
The MCR is a lightweight, completely self-contained nuclear reactor power
system—easily transportable by truck, aircraft or rail—designed to provide
packaged power for a wide variety of applications. It will have a high
temperature, liquid metal cooled reactor coupled to a power conversion
system. Incorporating long plant life characteristics compatible with military
field equipment, the powerplant is expected to reduce the burden which shipment
and storage of petroleum imposes on combat forces.
Along with its nuclear, missile and space activity, Allison is maintaining
its enviable position as designer and producer of air-breathing engines.
Recent developments include advanced types of turboprop engines for
greater power with maximum fuel economy and without increase in engine
size; a compact lightweight turboprop selected as the powerplant for the
Army's next generation of Light Observation helicopters, and thermally
regenerative gas turbine engines for a wide range of vehicular and
industrial use.
Perhaps there's a challenging opportunity for you in one of the diversified
areas at Allison. Talk to our representative when he visits your campus.
Let him tell you first-hand what it's like at Allison where
"Energy Conversion Is Our Business."

.Al.lisoink.

An equal opportunity employer

THE ENERGY CONVERSION DIVISION OF
GENERAL MOTORS, INDIANAPOLIS, INDIANA
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library notes
by Carson Bennett
Of the things which man can do or make here below,
by far the most momentous, wonderful, and worthy
are the things we call BOOKS!
Carlyle
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miss
technic
for
ianuary
•

January's Miss Technic is Miss Marty
Hawkes, who is majoring in English
Literature at DePauw University in
Greencastle, Indiana.
Miss Hawkes is a junior and presently
is parliamentarian of the Kappa Kappa
Gamma Sorority at DePauw.
She is 165 cm. tall, has a perimeter (at
three randomly chosen altitudes) of 0.973
yd. — 0.000363 mi. — 35000 mils, and has
a mass of 3.42 slugs. The previously stated
statistics are surpassed only by Marty's
enchanting personality.
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LETTER FROM AN ALUMNUS

Woodridge Restaurant
4543 WABASH AVENUE

(Continued from Page 9)

PHONE C-2423

SMORGASBORD
2.25

including Prime Ribs
Dai/y from 5-9 p.m.
Sundays from 11: 30 a.m. - 9 p.m.
PRIME RIBS OF BEEF DINNER

2.00

TENDER INDIANA FRIED
CHICKEN DINNER

1.65

FILET MIGNON DINNER

2.50

BUFFET LUNCHEON SPECIAL

.95

ALL YOU CAN EAT
THE ABOVE ARE JUST A FEW
OF OUR FAVORITE
SELECTIONS
P.S.—Don't forget to try our delicious
Shrimp-Salad on Friday nights!

Woodridge Restaurant
on Wabash at East end of Terre Haute

The Blossom Shop
Flowers
and
Gifts

girls, fraternities, girls, glee club, girls, sports, and all
the others. The emphasis on girls is intentional. Perhaps the most important decision any of us will make
relative to our personal happiness is in the choice of a
wife. It is very important to make an educated selection
based on research findings and the preparation of
specifications.
I have already recommended graduate study. If one
needs money for this, many companies are quite liberal
in assisting here.
In the matter of job selection, look for a highly technical challenge in an organization where the major emphasis is on the professional engineer; a job among
able associates where good use can be made of hard
won knowledge—if knowledge isn't used, it will be lost.
On Personal Philosophies
With regard to philosophy, engineers are so absorbed
with the physical world that there usually results a
lack of development in the metaphysical. This causes
many of us to have a simple approach to philosophy.
The Golden Rule serves very well. In practical competitions, this is tempered by occasional application of
"getting there firstest with the mostest." In the future,
we can expect that the ethical standards of the professional man will have increasing impact on business
and political affairs.

FAMILY ROOMS
BANQUETS
SPECIAL PARTIES

Experience
is a great teacher
but ...
you can learn more

LOUISE'S

from books

JACK AND IDA CAMPBELL

cheaper and faster
American and Italian Food

Tel. Crawford
3828 and 0058
1849 South Third St.
GLADYS C. POUND
CHARLES D. POUND
JACK D. POUND

TERRE HAUTE, INDIANA

Ohio at Gilbert Ave.

Phone C-4989

Order your books through

Rose Polytechnic
Book Store

TERRE HAUTE, INDIANA
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Multifrequency dialing concerns
the application of a.c. signals to automatic switching equipment. This
article will be concerned principally
with the dial unit or signal generating device as shown in figure 1.
There are several reasons why a.c.
dialing is being pursued. One reason
stems from the fact that ordinary
speech amplifiers inserted in the
telephone lines will be able to not
only amplify speech signals, but also
the a.c. dialing information. This was
not possible with d.c. pulse dialing,
since d.c. amplifiers were required.
With the advent of direct distance
dialing (DDD), the method of a.c.
signaling has been used in intercentral office calls. This is due primarily to the increase in distance
between the caller and destination

and thereby amplification of the dialing information is required. Other
advantages include its speed of dialing, quiet operation, and the possibility of transmision of information
to remotely control some operation.
Obviously, remote control of an operation by a.c. coding is much superior to a method utilizing d.c. pulse
coding. Speed and ease of operation
are one of the many assets that suits

a.c. signaling to remote control. The
number of end to end dialing operations is limited only by ingenuity
and need.
The heart of the dial is an audio
frequency oscillator. In this instance
the oscillator is essentially a class A
amplifier with some fraction of the
output fed back into the input. The
feedback path is the resistor R2 and
the transformer T (figure 2).
One of the equations used in the
design of the circuit comes from the
fact that the feedback loop gain (0)
must be 1 for stable oscillator operation. This point can be explained by
considering the following equation:
43—loop gain=
output fed back to input
input
By considering the above equation
we can see that if 43<1 there would

not be enough output fed back to the
input to sustain steady state oscillations. If p.13>1 oscillations will occur,
but the output fed back to the input
will increase steadily and force the
transistor to operate nonlinearly.
Since we want the amplifier to operate in the class A mode, the transistor must operate linearly; therefore, we conclude ,u/.3<1. To keep
pl3<1, the varistor RS is inserted to
maintain the voltage drop across
winding N1 of the transformer constant. The loop gain is expressed in
terms of the circuit parameters present. Since the transistor operates
linearly it can be replaced by an
equivalent circuit composed of resistors and a voltage or current source
in the form of a pi or T network.
After this replacement the circuit
can be analyzed by ordinary methods of a.c. network analysis. Due to
the limited scope of this article, the
actual design equations in terms of
the circuit parameters will not be
presented.
The circuit thus far considered has
the capabilities of producing a single
frequency per dialed digit, but studies indicate that with one frequency'
per dialed digit the human voice and
background noise can simulate the

dial frequencies. In order to eliminate this problem it was proposed
that two frequencies per dialed digit
be established. After many experiments and the application of statistical analysis the frequencies were decided on that would not be easily
simulated by speech and background
signals or their harmonics. This
problem has further been eliminated
by establishing a minimum recognition time on the incoming dial signals to the central office. This helped since the dial simulation was
rarely over 40 milliseconds in duration. These innovations plus a few
others in the receiver circuits at the
central office has for all practical
purposes eliminated dial frequency
simulation.
After establishing the need for two
frequencies per dialed digit, it became necessary to find out what was
the best configuration of the buttons.
The result was a matrix arrangement
as shown in figure 3. As a button is
depressed the cranks in the row and
column in which the button is located turn, closing the spring switches.
These switches represent the various
tap off points on the two transformers. The closing of certain
switches will determine the pair of

frequencies produced by the oscillator. The rows correspond to the
low frequency group and the columns correspond to the high frequency group. The low and high
frequencies associated with the rows
and columns are specified in figure 3.
The large switch shown in figure 3
performs the following functions:
1. Attenuation is inserted into the
receiver circuit to reduce the
amplitude of the dial tones applied to the receiver. This
should occur first.
2. Transmitter path is opened.
3. Power is applied to transistor.
4. Direct current through the tuning coils is interrupted. This
must occur last.
It should be noted from above that
since the transmitter circuit is open
when the actual dial tone is generated, the background noise and
speech simulation of dial frequencies
is a problem only before the first
digit is dialed and between the successive digits.
The last function is necessary to
shock excite the oscillator circuit
into operation. This is done by inter(Continued on Page 31)
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Figure 4
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Opportunities at Du Pont for technical graduates—second of a series

BAYMAL-one of our many new products
that could launch a thousand careers
New careers are important by-products of Du Pont research.
Developing BAYMAL* is a case in point.
BAYMAL is a white, free-flowing powder. It's intentionally
synthesized into submicron-sized fibrillar particles about 5
millimicrons in diameter and about 200 millimicrons in length.
These small particles display a number of properties completely different from other types of alumina now available.
Dispersibility to form stable sols with unique thixotropy,
viscosity and film forming characteristics is one of its notable
properties. Our photos illustrate another. Shake a BAYMALand-water solution and it will pour. Let it sit awhile and it will
gel—won't pour unless you agitate it again.
We see dozens of potential uses for BAYMAL. But it's up
to our development men to bring this new product to commercial maturity, and here is where careers are born.
YOU see, from the day we examine a sample of the chemical
to the day a full-scale plant starts turning out the finished
product, years may elapse—years of patient work by chemical
engineers developing processes and assembling basic data
for process design, by mechanical engineers who must create
new equipment to make the product, by electrical engineers
whose job it is to develop control systems to meet the needs
of the process.
And BAYMAL is just one of literally hundreds of new products under development at Du Pont. Each one gives promise
of new and rewarding careers for technical men—perhaps like
yourself—preparing to enter industry.
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If you'd like to receive information about employment opportunities at Du Pont, and to know more about BAYMAL and
other new Du Pont products featured in our "Opportunities"
series, use our coupon. Mail it today.
Du Pont's registered trademark for its colloidal alumina

.„„
BETTER THINGS FOR BETTER LIVING ...THROUGH CHEMISTRY

An equal opportunity employer

—1
E. I. du Pont de Nemours & Co. (Inc.)

Nemours Building, Room 2531-1, Wilmington 98, Delaware
Please send me the literature indicated below.
— Du Pont and the College Graduate
Mechanical Engineers at Du Pont
C Engineers at Du Pont
C Chemical Engineers at Du Pont
C "Opportunities" series technical information
Name

__

Class

Major

Degree expected

College
My address_
City

Zone

State
J
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Tacheia
Skah ollauSe
"The Only True
Steak House
in Terre Haute"

Phone C-3482

30 N. Brown Ave.
TERRE HAUTE,
INDIANA

Men's Shoes for any occasion—

You are cordially- invited to visit
and inspect the new and enlarged

Hornung & HAHN
SHOE STORE

at

21-23 Meadows Center

L-0404

C-3703

LIBRARY NOTES

MAKE BELIEVE

(Continued from Page 22)

(Continued from Page 12)

the absorbing stories of the great might find it interesting to study one
wartime intelligence organiza- of its specific contributions to the
tions—the Abwehr, M. I. 5, the overall system." Consider the proDeuxieme Bureau, O. S. S. The gramming of a sample of the guidactivities of modern spy masters ance system. When the pilot pushes
the stick forward, he commands a
are described in vivid detail.
This
O'Hara, John. The Big Laugh. Ran- voltage which we will call
voltage is sent into an amplifier and
dom House, 1962.
This is a story about a man who is considered an acceleration comtried to be something that he was mand. i.e.
d2Q
not; who wasted his time, and
asked for and got a lot of trouble.
.n,Q= —
dt2
As it happened, he was a rascal
to begin with, and in a rare surge We can integrate this to
dQ
of perspicacity the people recognized him as such from the start.
dt
Hubert Ward is the man thus de- and send it again into the initial sumscribed by the author—the man, mer giving the equation
who in 1928, "went on the stage
dQ d2Q
because there was almost nothing
AQ—K
,
dt
dt2
else to do." The reader will find
a brilliant portrait of a period (the After the +KQ voltage is equal to
late Twenties and early Thirties) the AQ input voltage, Q=0. Thereand of an industry and its special fore, in this circuit we have a velocity
candor and precision that charac- feedback, which results in a velocityterizes John O'Hara. For a big controlled craft. The value of the
constant K can be adjusted to prolaugh, read "The Big Laugh."
vide fast or slow feedback. A slow
feedback results in a sluggish craft.
Variations between the velocity and
The Place to Buy
acceleration control are obtained by
adjusting K. The circuitry is illusPAINT
trated in Figure 2.
In summary the entire simulation
is illustrated in Figure 3.
TILE
After many flight tests and the reduction of reams of data, we can give
is
a reasonable report to the NASA
representative, and a prototype of
the craft can be constructed. The use
Don Coverstone's
of make-believe in industry has provided the ground work for a lunar
PAINT CENTER
landing and rendezvous. The saving
in time, money, and test pilots is invaluable. Someday you may be called
on by industry to provide such a
DuPont
simulation, but until that time consider one important problem: The
Lucite
simulation of the stimulation needed
to maintain stability when you realize that you have just missed that
quiz.
C-5114
Lafayette
730

We've doubled our facilities to
double your shopping pleasure
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"We Deliver Any Size Order"

3 The author feels daring in allotting much
,nace to the study of the most important factor
of the operation. since it im the prime principle
uf education to give the least timu tu the fundamental principles.
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Research and Development

stocks
The New York Stock Exchange
has recently completed plans for the
installation of a computer using the
most advanced techniques for the
mechanization of the complex sales
and quotation services. Leased from
I.B.M. Corporation for $1,800,000 annually, the system will produce a
complete publication of exchange
trading data beginning in 1965.
The operation will employ two new
systems developed especially for the
job. The first is an optical "reader,"
which will take sales and bid-asked
information directly from the trading floor to the computer. The second is a voice assembler, which will
compose messages from a prerecorded electronic vocabulary and
speak them over the telephone to
member subscribers of the Quotation Service. The private telephone
lines will be linked to the computer
by a newly developed high-access
switching system.
The data (optical) readers will
read sales cards (up to 40 a minute)
at each of eighteen posts situated on
the trading floor. These cards will
have symbols preprinted for types
of stock, number of shares, price, and
so forth. To make a full report the
JANUARY, 1963

Gus Carroll
Sophomore Physics,
salesman merely takes a regular
pencil and draws lines to the appropriate symbols. The reader then
scans these pencil marks and sends
the information to the computer.
When the trading information
reaches the computing center, the
system will automatically:
1) print the sales on the thousands
of exchange tickers across the continent in as little as /
1
2 second after
the card is read on the floor.
2) compose voice responses for up
to 400,000 phone inquiries a day
from members of the Quotation
Service.
3) store in time sequence all trading information, continually determining total volume, plus volume
for each stock, open, high, low, last
sales prices, and latest bid-asked
quotations.
4) furnish up-to-date market reports to the floor. Speakers at each
post will allow the computer to issue, by means of the voice assembler,
announcements to odd-lot dealers
about last sales at the appropriate
posts.
Members of the Quotation Service
ask about stock by dialing four-digit

code numbers. An adapter changes
the dial impulses into code the computer can use. One hundred and
twenty-six key words are then utilized by the computer to relay up to
two hundred simultaneous six second
voice messages, fifty of which can be
broadcast on the exchange floor.
In addition to the trading posts,
there will be several information
centers on the exchange floor where
up-to-date, printed, data can be obtained from the computer regarding
volumes, ranges, lost sales, previous
sales, and bid-asked quotes.
Two programmed transmission
control units will link the computer
to the data readers, tickers (the
new ones will be able to produce
900 characters a minute),floor printers, audio response equipment, and
the floor inquiry stations. It will also allow computer to computer communications, necessary for the coordination of the duplicate computers which will be installed in case
the main computer fails.
The whole system will mechanize
all the manual operations in the stock
ticker and market quotation services,
handling a trade volume of up to 16
million shares a day.
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following causes:
1. Financial inability to continue in college.
2. Mental incapacity to grasp the higher form of
knowledge.
3. Inability of the student to adapt himself to college
life.
4. Inability to study.
5. Misplacement.
Colleges attempt to meet financial difficulties of students by giving scholarships or deferred tuitions to those
who deserve them, as well as by helping students get
outside work when it is available. In the second reason,
although there are many students who insist they are
incapable of getting the assigned work, it is a fact that
there are really very few people who, having successfully passed through high school, can not by proper
application become fairly proficient in some line of endeavor. We may, therefore, expect to find the major
source of trouble in the last three reasons.
It is unfortunate that at the present time a large gulf
exists beteen the high school and the college. Too many
students come to college with but a vague notion of what
is expected of them. Some of them, although the percentage is probably not very high, become lost in the maelstrom of fraternity life, social life, and, in general, in
having a good time. The organizations which tend to
cause this sort of thing are constantly trying to prevent
it, and most colleges place some restrictions upon fresh-

men in order to help them orient themselves.
Often students with the best intentions fail in their
work simply because they do not know how to study.
High schools do not usually stress the point strongly
enough, and rely too much upon supervised and dictated
study methods so that a freshman in college has not
learned how to proceed on his own initiative.
Engineering has been defined as the art and science
of using the mechanical properties of matter in structures; but the engineer must learn to be more than
a walking "blob" of scientific knowledge.
The following three suggestions to students have
been repeated many times but will bear repeating again.
Maintain your health through physical exercise, and
your social qualities by association with your fellow
students. Learn the importance of underlying principles.
Most engineering is done by groups rather than by
individuals. Thus the engineer must be able to cooperate
with his fellows. Engineering is not as restricted as law
or medicine. It is sometimes technical and specific, but
it often involves contracts and other business relations.
There is need for men with broad outlooks.
Engineers are not the rough, uncouth persons that
they are often considered. Engineering is a profession
similar to medicine, law, or theology, and the successful
engineers are cultured gentlemen who enjoy good music,
good literature, and who are up-to-the-minute on world
happenings. An engineer is an important member of
society, for by his work and research he molds the lives
and habits of his fellow men.

What's
your group
doing?
We're developing two specific systems for JPI.
spacecraft. The first accepts the dota output
of transducers and instruments on board and
prepares it to pass through our communicotion
channel. A doto-handling system.

The other system allows us to efficiently transmit
signals over great distances from the spacecraft
to Eorth ond vice versa. It's on interesting
operation. Thankfully, it's o shirt-sleeve operation.

You've just been tolking to Benn Mortin,
Engineering Group Supervisor ot Jet Propulsion
laboratory— responsible for R & D on lunor,
planetary ond interplanetary explorations.
He's been at JP1. for five years. He plans to spend
fifty more here. If your future doesn't
look as bright, you might write now to JPL.

45

JET PROPULSION LABORATORY
Oh, I might wear a coat when I go to the
cafeteria. The informality and freedom here is
one way of saying thot JP1. conducts its affairs
on o highly professional plane.
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I've been trying to find on excuse to be
unhoppy for five years—since I graduated
from the U. of Michigon. I haven't been oble
to do it yet.

4800 Oak Grove Drive, Pasadena, California
Attention: Personnel Deportment 106
"An equal opportunity employer."
Operated by California Institute of Technology kr
the Notional Aeronoutics and Space Administration.
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TELEPHONE DIALING
(Continued from Page 26)
rupting the d.c. current in the tuning coils which in turn induces a
voltage in the feedback circuit and
starts the initial oscillations. Obviously there are rise time (i.e. the
time between circuit stimulation and
when the signal is at full amplitude)
considerations, and the rise time is
approximately 40 milliseconds. If
the rise time was not specified it
would be possible that the signal
would not be up to full amplitude
before the button was released. As
a result the signal would not register
in the central office as a command
to the switching equipment.
An interesting result of the pushbutton arrangement can be seen by
observing figure 3. If two buttons
in a row are depressed simultaneously one can see the tuned circuit windings of the high frequency transformer are shorted out and therefore only
the low frequency signals are generated by the oscillator. A similar
effect occurs in the low frequency
transformer when two buttons in a
column are depressed. If two buttons in a diagonal are depressed no
frequency will result since both
transformer windings have been
shorted.
If only one frequency was generated by the dial unit there would be
no effect on the switching equipment, since both frequencies per
digit dialed must be present for the

equipment to respond at the central
office.
The problem of inserting an a.c.
dialing set into the present switching
system becomes one of translating
the a.c. signals into the equivalent
d.c. code. Thus the problem is that
of converting the incoming information into a code that the switching
equipment can respond to.
Central office switching equipment can be either direct dial contro)
or common control systems. The direct dial control is the type of equipment where the switches are directly
responsive to the digit being dialed.
Common control systems is the type
of equipment where the incoming
dial information is stored for a period of time by the centrol control
equipment before being used to control the switching operations. When
designing translators these are the
two basic switching systems that
should be considered.
The translator complexity depends
upon the type of central office it
must translate for. The step by step
system, a type of direct control
equipment, can only accept incoming data at 10 pulses per second.
Therefore, the translator must not
only convert a.c. signals to the corresponding d.c. code, but it must
store the incoming information since
the office is not capable of receiving
data at the speed of the average
dialer.
In the case of the common control

type of equipment no storage is necessary since the office can accept
data faster than it can be sent by the
dial unit. Therefore in this case we
need only a translation of the a.c.
signals to d.c. pulses.
With some types of switching
equipment it is possible to provide a
certain number of subscribers multifrequency dialing without converting the entire office, but for some
other types of switching systems the
entire central office must be converted for one multifrequency dial
unit.
In considering the time advantage
of the pushbutton unit the time saved
per use seems small (i.e. 10 seconds
for rotary dial to approximately 5
seconds for the pushbutton sets),
however, when we consider that the
central office equipment can be reduced in size and yet handle the
same traffic load the amount of
money saved can be considerable.
Although the system of a.c. dialing has its shortcomings, such as
frequency stabilization, nonuniformity of components, and complexity of
construction and adjustment, it
opens the way for the telephone to
become more than a voice communications device. It becomes one that
can transmit data to machines, compcters, and many other devices. The
electronic dial coupled with the electronic central office will bring many
conveniences to the home and industry never thought possible.

ENGINEER'S No. 1510 MULTI-LOG Duplex 10" SLIDE RULES
GUARANTEED
YOU can't buy a finer
more accurate Slide
Rule anywhere at any
price.
[Scales on Front Face]
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THERMIONIC CONVERTERS
(Continued from Page 16)

Est. 1856

for the
'All Weather'
Campus Man
For engineers on the go, an
All Weather Coat to wear
everywhere. Ivy styled with
deep split ragland sleeves
and balmaccan collar. Three
quarter length in sizes 35 to
46, regulars and longs. Cut
from Galey & Lord's All
Weather Tarpoon Cloth, rayon lined, to give the wearer
good looks as well as protection. Top your wardrobe
with this All Weather Coat
from Root's.

$25
Use Root's 3 Pay Plan,
Nothing Down, 3 Months
to Pay

Root's Campus Shop
617 Wabash Ave.
Terre Haute, Indiana
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But because of its lighter weight the
thermionic converter is an excellent
replacement for the battery. The
converter is also a good replacement
for solar cells because of its smaller
size. Solar cells become quite cumbersome when they must produce
the energies needed for space probes.
Another important advantage of
thermionic converters in space applications is their resistance to radiation
effects. There are two types of satellite missions for which thermionic
converters are particularly suited.
These are solar probes and orbits.
The solar probe will be a lightweight
vehicle which will pass near the sun
and send back scientific data. The
power supply will have to operate
continually even at high temperatures found near the sun. Solar cells
would soon fail at these high temperatures but thermionic converters
would function upon nearing the
sun.
There are several applications of
the thermionic converter which are
of military significance. Many of the
inherent characteristics of thermionic converters make them very desirable for military applications. Because thermionic converters have no
moving parts, they are very quiet
and have a great potential use as a
frontline battlefield generator. Also,
the thermionic converter can be run
on a number of common fuel sources.
The converter not only uses the sun
as a fuel but can use chemical and
nuclear fuel as well. Another military use for the thermionic converter
is in an all climate clothing system
being developed by the U.S. Army
Quartermaster Corps. This clothing
would have a heating and ventilating
system to cover a wide range of temperatures.
After a few minor details are
worked out, the thermionic converter should become an important
source of electrical energy. Thus,
taking advantage of a principle
known for many years, today's
modern thermionic converters offer
a wide range of applications during
the next decade.

BATES
SHELL
SERVICE
RECOMMENDED
BY
SAMMY PINCINCH

Top Value Stamps
With Al/ Purchases
3132 Wabash
C-9264

MEN
of
ROSE

Remember that
Special Occasion
Give her a Corsage
by HEINL'S

HEINL'S FLOWER SHOI'
WILLIAM C. "Bill" BECKER

129 So. 7th St.
Terre Haute, Ind.
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Reasons for building a career at Collins:

M ERCURY

Every voice from the

Mercury capsules has been transmitted to earth
by Collins equipment. In fact, every phase of the
Mercury voyages — from launch and orbit to

COLLINS

re-entry and recovery — required communications
supplied by Collins. 111

Mercury opened the

door to space communications. Just ahead arc
Projects Gemini and Apollo. And the E.E., M.E.,
Mathematician,or Physicist who can qualify for
Collins' space communications team is set for an
adventuresome career. Interested? Get complete
details from your Placement Office. Or write the

L. R. Nuss,
Collins Radio Company,
Cedar Rapids, Iowa
C. P. Nelson,
Collins Radio Company,
Dallas, Texas
E. D. Montano,
Collins Radio Company,
Newport Beach, California

Collins engineering center nearest you.
JANUARY, 1963
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When a transistor performs like this on a curve tracer,
we like to know why. Sometimes the answer is obvious.
Then again, we may find it not so easily explained. This
our semiconductor device people like. They enjoy sinking
their teeth into a knotty problem and sticking with it till
they shake out the answer—and it usually doesn't take long
at Delco.
Why ? Easy.
When you toss a problem to a group of talented men
... provide the necessary research tools ... in an environment that encourages personal initiative and achievement
.. . you can't help getting results. This combination has
helped build a position of leadership for Delco in the deve1opment and production ofsemi-conductor devices.
We intend to keep it that way—through expanding
facilities and fresh talent.
Our new R&D center-125,000 sq. ft.—houses laboratories equipped with the latest in sophisticated research
facilities. Our new semiconductor manufacturing center226,000 sq. ft.—scheduled for operation this June, will provide an expanded capability in the production of silicon
rectifiers. All of which adds up to new opportunities in
research, development and production of silicon rectifiers.

• SEMICONDUCTOR DEVICE DEVELOPMENT—

BS in Physics, Metallurgy or Electrical Engineering;
minimum of 2 yrs. experience in high current silicon rectifier
development; must be capable of developing these devices
and maintaining technical responsibility through pilot production.
• PHYSICISTS, CHEMISTS AND METALLURGISTS

For semiconductor device development; experience in
encapsulation, alloying and diffusion, chemistry of semiconductor devices, materials (to lead a program on metallurgical
research of new semiconductor materials).
• ELECTRONIC ENGINEERS—

Experienced in machine controls (relay and/or static)
to assist in the development and application of static transistorized controls.
• TRANSISTOR PROCESS ENGINEERS—

EEs,MEs,and IEs to develop and create new processes
for manufacturing germanium and silicon semiconductor devices and to develop automatic and semi-automatic fabrication equipment. Experience preferred.
If you're looking for an opportunity to fully exercise your personal competence ... among men of talent ... In unmatched facilities, why not make
arrangements to talk with our interviewer when he visits your campus.
Or, write for additional information: Mr. C. D. Longshore, Supervisor of
Salaried Employment:

An equal opportunity employer

solid state electronics.

DELCO RADIO DIVISION OF GENERAL MOTORS
KOKOMO, INDIANA
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DIVERSITY—U. S. Rubber makes 33,000 products in 1,200 lines that are used by
almost
everybody, from deep sea divers to spacemen. In our 22 divisional laboratories
or in our Central Research Center, there is a challenge for almost any technical
or engineering specialty.
LEADERSHIP—Our research sets the pace for the industry. More than 100 years ago,

U. S. Rubber made the first manufactured vulcanized rubber product; more than
60 years ago, the first pneumatic automobile tire; more than 40 years ago, the firs
research on synthetic rubber. Today we contribute our resources and skills to
atomic research, to oceanography, to the latest design in space stations, to hundreds
of other exciting projects.
VITALITY—U. S. Rubber uses to the fullest the professional skills of its 2,000 engineers
and research personnel, encourages individual responsibility in an atmosphere of
freedom. Our research and development people, in the last five years, have obtained
457 patents, more than our two largest competitors combined.
OPPORTUNITY—U. S. Rubber recognizes the importance of our technical staff,
knows
that the answer to tomorrow's problems is already in the minds of its engineers today.
"U.S." rewards individual contributions. Many in our top management started as
engineers or technicians with the company. The president of U. S. Rubber is a chemical
engineer, several vice presidents hold engineering or technical degrees.
STABILITY—U. S. Rubber is one of America's 50 largest industrial companies, with
more than 119 years of industrial experience, operating 74 plants at home and abroad.
We are a polymer industry with less than half our business in tire manufacturing.
U. S. Rubber is one of the nation's largest textile manufacturers and leading chemical
producers. "U.S." provides good working conditions for more than 40,000
employees in the United States, another 30,000 abroad.
Inquire about a career with "U.S." Our recruiters will be visiting your campus soon.
Sign up for an interview at your Placement Office.

United States Rubber
An Equal Opportunity Employer

JANUARY, 1963

1230 AVENUE OF THE AMERICAS • NEW YORK 20, N. Y.
Page 35

ri
4001inc
Stolen by Larry MacDonald
Junior C.E.

Student Nurse: "Every time I
bend over to listen to his heart his
pulse rate goes up alarmingly.
What should I do?"
Intern: "Button your collar."
deceiving.
Appearances are
Whenever you see a big house
without any plumbing there is
usually something behind it.
A number of showgirls were entertaining the troops at a remote
Army camp. They had been at it all
afternoon and were not only tired
but very hungry. Finally at the
close of their performance the major asked,"Would you girls like to
mess with the enlisted men or the
officers this evening?"
"It really doesn't make any difference," spoke up a shapely blond.
"But we've just got to have something to eat first."
Coed: "Don't you kiss me again,
you naughty boy."
M.E.: "I won't. I'm just trying
to find out who has the gin at this
party."

A sweet old lady, always eager
to help the needy, spied a particularly sad-looking old man standing
on a street corner. She walked over
to him, pressed a dollar into his
hand and said, "Chin up."
The next day, on the same corner, the sad old man shuffled up to
the lady and slipped ten dollars into
her hand.
"Nice picking," he said in a low
voice. "He paid nine to one."
*
*
*
"The hand that lifts
The cup that cheers
Should not be used
To shift the gears."
*

*

*

The latest in drinks: Vodka and
milk of magnesia. It's called a
Phillips Screwdriver.
A man in the insane asylum sat
fishing over a flower bed. A visiting sociology student wishing to be
friendly with the old gentleman,
asked "How many have you caught
today," And the gentleman returned, "You're the ninth."
Nothing robs a man of his good
looks like a hurriedly drawn shade.

The haughty senior girl sniffed
disdainfully as the tiny freshman
After his team had lost an imcut in."And just why did you have
game, football coach Hugh
portant
she
to cut in while I s.-ias dancing?"
Daugherty of Michigan
"Duffy"
inquired nastily.
a gathering of distold
State
The freshman hung his head
"I appreciate the
alumni:
with shame. "I'm sorry, ma'am," gruntled
he said, "but I'm working my way wonderful support given me by this
through college and your partner group. I shall always treasure your
was waving a five-dollar bill at telegram, We are with you, win or
tie!'"
me."
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An instructor asked a new M.E.
the purpose of a bolt with a lefthanded thread, and got this bewildering reply.
"A bolt with a left-handed thread
is a bolt which the tighter you
screw it the looser it gets."
Faculty advisor: "Let's not have
any more jokes about sex, drinking, and profanity."
Joke Editor: "O.K., I'm tired of
putting out this magazine anyhow."
Chemistry Professor: Young
man, why aren't you taking notes?"
Student: I don't have to sir, I've
got my grandfather's."
"Have you seen Lucille's new
evening gown?"
"No, what does it look like?"
"Well, in most places it looks a
lot like Lucille."
Not only is it proper to hold an
engineer's hand in the dark, but
it's usually necessary.
A chaperone is a force acting on
a couple to maintain it in a state of
equilibrium.
"Beg your pardon, but aren't you
an engineering student?"
"No, it's just that I couldn't find
my suspenders this morning, my
razor blades were gone, and a bus
ran over my hat."
Question: "What is the newest
main dish in the cafeteria?"
Answer: The Monster Mash.
THE ROSE TECHNIC

We make machines, but Wall Street calls us a chemical company.
People who know nothing about Wall Street associate us with simple little cameras.
Photography involves cameras, and it also involves chemicals. A great deal of our chemical
activity, however, does not involve photography. On the other hand, the chemistry of photography now hides inside machines like the ones above, so that photography doesn't seem to
involve chemistry any more. "Involved" is certainly the word for the situation.
It is an involved situation but it is also a very healthy one.
So healthy is the demand for electromechanical machines of all kinds and sizes to perform
the chemical operations of photography that our sizable body of electromechanical engineers
keeps very pleasantly occupied. Possibly you will write to us, and possibly we shall strike up a
correspondence, and possibly you too will come to work for us as an electromechanical
engineer, and possibly you will be running a vitamin factory for us on the day we pin the 25year medal on you. That's the beauty of diversification.

EASTMAN KODAK COMPANY, Rochester 4, N.Y.

Manufacturing Careers Offer
Diversity, Challenge
and Opportunity
An Interview
with G.E.'s
H. B. Miller,
Vice President,
Manufacturing
Services

Q. Mr. Miller, what do engineers do in manufacturing?

A. Engineers design, build, equip, and operate our General Electric plants throughout the world. In General Electric, this is manufacturing work, and it sub-divides
into categories, such as quality control engineering, materials management, shop
management, manufacturing engineering, and plant engineering. All of these jobs
require technical men for many reasons. First, the complexity of our products is
on the increase. Today's devices—involving mechanical, electrical, hydraulic,
electronic, chemical, and even atomic components—call for a high degree of
technical knowhow. Then there's the progressive trend toward mechanization and
automation that demands engineering skills. And finally, the rapid development of
new tools and techniques has opened new doors of technical opportunity—electronic data processing, computers, numerically programmed machine tools, automatic processing, feedback control, and a host of others. In short, the requirements of complex products of more exacting quality, of advanced processes and
techniques of manufacture, and of industry's need for higher productivity add up
to an opportunity and a challenge in which the role of engineers is vital.
Q. How do opportunities for technical graduates in manufacturing stack up
with other areas?

A. Manufacturing holds great promise for the creative technical man with leadership ability. Over 60 percent of the 250,000 men and women in General Electric
are in manufacturing. You, as an engineer, will become part of the small technical
core that leads this large force, and your opportunity for growth, therefore, is
unexcelled. Technical graduates in manufacturing are teamed with those in marketing who assess customer needs; those in research and development who conceive new products; and those in engineering who create new product designs. I
sincerely believe that the role of technical graduates of high competence in the
manufacturing function is one of the major opportunitie•- for progress in industry.
Halbert B. Miller has managerial
responsibility for General Electric's
Manufacturing Services. This responsibility includes performing services work for the Company in the
areas of manufacturing engineering;
manufacturing operations and organization; quality control; personnel development; education, training and communications; materials
management; purchasing and systems as well as the Real Estate and
Construction Operation. Mr. Miller
holds a degree in mechanical engineering and began his General
Electric career as a student engineer on the Company's Test Course

For complete information
about General Electric's
Manufacturing Training Program and for a copy of
G.E.'s Annual Report, write
to: Personalized Career
Planning, General Electric
Company, Section 699-06,
Schenectady 5, New York.

Q. What technical disciplines are best suited to a career in manufacturing?

A. We need men with Doctor's, Master's, and Bachelor's degrees in all the technical disciplines, including engineering, mathematics, chemistry and physics. We
need M.B.A.'s also. General Electric's broad diversification plus the demands of
modern manufacturing call for a wide range of first-class technical talent. For one
example: outside of the Federal Government, we're the largest user of computers
in the United States. Just think of the challenge to mathematicians and businesssystems men.
Q. My school work has emphasized fundamentals. Will General Electric train
me in the specifics I need to be effective?

A. Yes, the Manufacturing Training Program is designed to do just that. Seminars
which cover the sub-functions of manufacturing will expose you to both the theoretical and practical approaches to operating problems. Each of the succeeding
jobs you have will train you further in the important work areas of manufacturing.
Q. After the Program—what?

A. From that point, your ability and initiative will determine your direction.
Graduates of the Manufacturing Training Program have Company-wide opportunities and they continue to advance to positions of greater responsibility.

Progress. is Our Most /mporfant Product

GENERAL

ELECTRIC

